The pituitary-specific transcriptional factor-1 (PIT-1, also known as POU1F1), is an essential factor for multiple hormone-secreting cell types. A genetic defect in the PIT-1 gene results in congenital growth hormone (GH), prolactin (PRL), and thyroid-stimulating hormone (TSH) deficiency. Here, we investigated 3 cases of adult-onset combined GH, PRL, and TSH deficiencies and found that the endocrinological phenotype in each was linked to autoimmunity directed against the PIT-1 protein. We detected anti-PIT-1 antibody along with various autoantibodies in the patients' sera. An ELISA-based screening revealed that this antibody was highly specific to the disease and absent in control subjects. Immunohistochemical analysis revealed that PIT-1-, GH-, PRL-, and TSH-positive cells were absent in the pituitary of patient 2, who also had a range of autoimmune endocrinopathies. These clinical manifestations were compatible with the definition of autoimmune polyendocrine syndrome (APS). However, the main manifestations of APS-Ihypoparathyroidism and Candida infection -were not observed and the pituitary abnormalities were obviously different from the hypophysitis associated with APS. These data suggest that these patients define a unique "anti-PIT-1 antibody syndrome," related to APS.
Introduction
The pituitary-specific transcriptional factor-1 (PIT-1, also known as POU1F1), plays a pivotal role in regulating the expressions of growth hormone (GH), prolactin (PRL), and thyroid-stimulating hormone β (TSHβ). PIT-1 is essential for the differentiation, proliferation, and maintenance of somatotrophs, lactotrophs, and thyrotrophs in the pituitary (1, 2) . Therefore, congenital abnormalities in the PIT-1 gene result in short stature and combined pituitary hormone deficiency (CPHD), characterized by GH, PRL, and TSH deficiencies (3) . On the other hand, acquired CPHD is generally caused by various types of damage to the hypothalamic-pituitary region, resulting in impaired hormone secretion in a nonspecific pattern.
Autoimmune polyendocrine syndrome (APS) is defined by the occurrence of 2 or more autoimmune-based organopathies, including that of endocrine tissue, and is generally classified into 3 groups (4). APS-I is a rare disorder caused by defects in the autoimmune regulator (AIRE) gene (5, 6) . The more common syndrome, APS-II, is less well defined and includes overlapping groups of disorders. It is strongly associated with polymorphic genes of the HLA. In immune dysfunction, polyendocrinopathy, and X-linked (IPEX) syndrome, the patients harbor mutations in the forkhead box P3 (Foxp3) gene that lead to severe autoimmunity and immune deficiency (7) . APS patients produce various autoantibodies such as those against glutamic acid decarboxylase (GAD), insulin, and IA-2 in type 1 diabetes (8) . In the case of autoimmune hypophysitis, several antigens including GH (9) , α-enolase (10) , and tudor domain containing protein-6 (TDRD6) (11) have been proposed as the candidates for the generation of antipituitary antibodies. However, their significance in the pathogenesis of hypophysitis remains unclear.
Here, we report the clinical manifestations of 3 adult patients with acquired CPHD exhibiting GH, PRL, and TSH deficiencies and circulating anti-PIT-1 antibodies.
Results
Three adult patients exhibited acquired GH, PRL, and TSH deficiencies Case 1. The proband was a 44-year-old man who experienced facial, finger, and arm edema for 2 years. His growth and pubertal development were within normal range, and he had 2 children. Endocrinological examinations revealed extremely low levels of serum TSH and free T4 (fT4), indicating secondary hypothyroidism ( Table 1) . The basal levels of serum GH and PRL were both undetectable. The GH response to insulin hypoglycemia was completely blunted. Furthermore, neither serum TSH nor PRL levels were increased after thyrotropin-releasing hormone (TRH) administration. The luteinizing hormone (LH) and follicle-stimulating hormone (FSH) responses to luteinizing hormone-releasing hormone (LHRH) were within normal range. While ACTH response to insulin hypoglycemia was exaggerated, the cortisol response was subnormal, suggesting subclinical primary adrenal insufficiency (Table 1) . MRI demonstrated that the anterior pituitary was slightly atrophic (Supplemental Figure 1A ; supplemental material available online with this article; doi:10.1172/JCI44073DS1). Atrophic gastritis was diagnosed by means of tissue biopsy. He manifested transient and mild cerebellar ataxia and taste disturbance.
Case 2. A 75-year-old man was admitted to the Jikei University Hospital for glycemic control of diabetes mellitus (DM) (12) . Because he was anti-GAD antibody-positive, he was diagnosed with slowly progressive IDDM (SPIDDM) and thereafter treated with insulin. Endocrinological examinations revealed low levels of serum TSH and fT4 (Table 1) , indicating secondary hypothyroidism. The basal levels of serum GH and PRL were undetectable. The GH response to GHRH and of serum PRL and TSH to TRH were all blunted, respectively. The basal levels of LH and FSH and their responses to LHRH were elevated, and serum testosterone level was decreased, indicating primary hypogonadism ( Table 1) . MRI of the pituitary demonstrated no abnormalities (Supplemental Figure 1B) . Unfortunately, the patient died in an accident. The autopsy was performed with written informed consent from his family.
Case 3. A 78-year-old man was admitted to the Kanto Rosai Hospital for an evaluation of eyelid and leg edema that had persisted for several years. Endocrinological examinations revealed low levels of serum TSH and fT4, indicating secondary hypothyroidism ( Table 1) . The basal levels of serum GH and PRL were undetectable. The GH response to the GHRH-plus-arginine test was completely blunted. The TSH and PRL responses to TRH administration were also blunted. The responses of ACTH and cortisol to insulin hypoglycemia were normal, and the LH and FSH responses to LHRH were considered normal according to the patient's age ( Table 1) . MRI of the pituitary demonstrated no abnormalities (Supplemental Figure 1C) . He manifested transient and mild cerebellar ataxia.
All 3 patients in this study showed common endocrinological characteristics of combined GH, PRL, and TSH deficiency (Table 1) , which we suspected would be related to PIT-1. However, clinical features such as normal height and adult-onset symptoms were not compatible with those of congenital CPHD resulting from abnormalities in the PIT-1 gene. As expected, we failed to detect any mutations in the PIT-1, PROP1, and HesX1 genes, which are reportedly related to these hormone deficits, in these patients. We further investigated the possible presence of an inhibitor of PIT-1-expressing cells in the sera. However, the patients' sera failed to affect cell proliferation and PIT-1 transcriptional activity in GH3 cells (data not shown).
Specific anti-PIT-1 antibody was detected in the sera of these patients Next, we investigated whether autoantibodies against the pituitary gland were present in the patients' sera. To this purpose, we screened the patients' sera for the presence of antibodies against mouse tissue extracts. Several nonspecific protein bands were detected in the sera when this was used as a primary antibody at a dilution of 1:500 (Supplemental Figure 2 , A-D). However, further dilution of the sera allowed specific detection of an antigen in the extracts of the mouse pituitary and of GH3 cells that was not detected when the control serum was used ( Figure 1 , A-D). The molecular weight of this protein was approx- 
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Figure 1
Immunoblotting analysis of mouse tissues and cell lysates. The patients' serum was used as a primary antibody imately 33 kDa (Figure 1 , A-C). We also detected a band of the same molecular weight in the lysates from the human pituitary ( Figure 1E ). Because the molecular weight of PIT-1 is 33 kDa, we speculated that this antigen might be PIT-1. Indeed, the 33-kDa band was specifically detected in the lysates from the cells or tissues that express PIT-1 protein, such as the rat anterior pituitary ( Figure 1F and Supplemental Figure 3A) . The patient's serum detected both Pit, Oct, and Unc (POU) and the transactivation (TA) domain of PIT-1 (Supplemental Figure 3B) , suggesting that the epitopes are widely distributed over the PIT-1 molecule. The intensity of the band corresponding to PIT-1 was substantially diminished when the sera were preincubated with recombinant human PIT-1 protein, indicating the specificity of the antibodies to PIT-1 (Supplemental Figure 3C) . Human anterior pituitary cells from normal subjects were detected by immunohistochemistry with the patients' sera as primary antibody as well as with the anti-PIT-1 antibody (Figure 2A ). We further found that the anti-PIT-1 antibody is of IgG isotype (Supplemental Figure 3D ), specifically IgG1 and IgG3 ( Figure 2B ). To confirm the specificity of the antibody for this syndrome, we established an anti-PIT-1 antibody-specific ELISA. As shown in Figure 3 and Supplemental Figure 3E , we failed to detect anti-PIT-1 antibodies in the sera of control subjects or the patients with pituitary tumor, hypophysitis, type 1 diabetes, autoimmune thyroiditis, APS-II, or autoimmune diseases such as SLE and RA (Figure 3) . Figure 3E ).
PIT-1-, GH-, PRL-, and TSH-positive cells were absent in the pituitary
We performed histological and immunohistochemical analyses of the autopsy specimens from patient 2. Histological analysis of the pituitary demonstrated that the number of adenohypophyseal cells was markedly reduced and that fibrosis was accompanied by moderate stromal infiltration of lymphocytes and plasma cells ( Figure 4A ). Immunohistochemical analysis revealed that the number of PIT-1-( Figure 4B ), GH-, PRL-, and TSH-positive cells was markedly reduced despite the obvious presence of ACTH-, LH-, and FSH-positive cells ( Figure 4C ). In the stomach, atrophy of the villi, inflammatory infiltrate, and fewer parietal cells were observed ( Figure 4D ). In the pancreas, the exocrine tissues were atrophic and the number of islets was markedly reduced with lymphocytic infiltrations ( Figure 4E and Supplemental Figure 4 , A and B).
In the adrenal glands, liver, and thyroid, disruption of the tissue structure and marked infiltration of lymphocytes and plasma cells were observed (Figure 4 , F-H).
Discussion
Here, we report 3 adult patients with CPHD characterized by specific GH, PRL, and TSH deficiencies and circulating anti-PIT-1 antibodies. The normal growth and development of the patients strongly suggest that the condition was acquired because congenital GH or TSH deficiency results in severe growth retardation and developmental disabilities unless treated. Many different mutations of the PIT-1 gene have been found in families with complete GH and PRL deficiencies and variable defects in TSH secretion (2, 13, 14) , in which the profile of hormonal impairment was similar to that of these patients. In animal models, both Snell (dw/dw) and Jackson (dw/dwJ) dwarf mice show GH, PRL, and TSH deficiencies caused by abnormalities in the Pit-1 gene (15) . Histological analysis of these mice revealed total absence of somatotrophs, lactotrophs, and thyrotrophs (16), similar to what was observed in case 2. Taken together, these results strongly suggest the presence of acquired functional and structural impairment of PIT-1-expressing cells in our patients. We also suggest that the anti-PIT-1 antibody might be closely related to the occurrence of this acquired CPHD, not only as a marker, but also as a causal factor. We found that anti-PIT-1 antibodies were present in these patients' sera but not in the sera of control subjects or patients with various other diseases, indicating that the anti-PIT-1 antibody is highly specific to the disease. We could not detect any autoantibodies previously reported in common hypophysitis, such as anti-GH, anti-α-enolase, or anti-TDRD6 antibodies, by immunoblotting (Figure 1, A-D) . Further, we did not detect any obvious pituitary abnormalities by MRI, such as an enlargement that is frequently observed in hypophysitis, indicating the difference from common hypophysitis. These findings indicate that the clinical and pathophysiological features of our patients are distinct from those of common hypophysitis observed in APS.
Histological analysis of tissues from patient 2 revealed various autoimmune endocrinopathies including insulitis, thyroiditis, and adrenalitis. The endocrinological findings in case 1 suggest the presence of subclinical primary adrenal insufficiency. In case 2, primary hypogonadism was observed and autoimmune adrenalitis was confirmed histologically. Autoimmune gastritis with disappearance of parietal cells was observed in cases 1 and 2. Various autoantibodies, such as those against microsomes, thyroglobulins, thyroid peroxidase (TPO), GAD, and parietal cells were detected (Table 1) . Alopecia and cerebellar ataxia were also observed in these patients (Table 1) . These results indicate that this syndrome is compatible with the definition of APS (8) . In APS-I, mucocutaneous candidiasis and hypoparathyroidism are often observed early in development (17) . In this aspect, our patients exhibited neither Candida infection nor abnormalities in the levels of serum calcium and PTH (data not shown), indicating that their conditions were obviously distinct from APS-I. APS-II has been reportedly associated with specific HLA haplotypes. The HLA haplotype of our patients was not the typical haplotype associated with APS-II (8) . Rather, A24 and DR9 were detected in case 1 and B54 in case 2. Notably, DR4, DR9 (18), A24, and B54 (19) have been found to be associated with type 1 diabetes in Japanese populations. However, we could not find common HLA haplotypes among these patients.
Mechanistically, it is unlikely that PIT-1 protein is a direct target for the anti-PIT-1 antibodies because PIT-1 is a nuclear protein.
One possibility is that immune intolerance to PIT-1 occurred by a still unknown reason, thereby provoking the attack of PIT-1-expressing cells by cytotoxic T cells through recognition of PIT-1 epitopes exposed with MHC (HLA) antigen on the cell surface. As a result, anti-PIT-1 antibodies would be produced. In terms of abnormal T cell function, lymphocytic infiltration of the pituitary, thyroid, adrenal gland, liver, and pancreas was observed. Similar mechanisms are speculated to explain the pathogenesis of type 1 diabetes (20) . We have attempted to detect PIT-1-reactive T cells using an ELISPOT assay. Unfortunately, we have not been able to detect these cells so far (our unpublished observations), and this might be due to a lack of copresentation with the specific MHC antigen. Alternatively, it is interesting to note that the anti-PIT-1 antibody is of the IgG1 and IgG3 isotypes, which generally possess antigen-dependent cell-mediated cellular toxicity (ADCC). It is speculated that the mechanisms of ADCC may be related to the etiology.
Figure 3
An anti-PIT-1 antibody-specific ELISA demonstrated that the anti-PIT-1 antibody is highly specific to these patients. This antibody was not detected in control subjects or patients with other endocrine and autoimmune diseases, including APS-II.
In conclusion, this is the first report, to our knowledge, of adult CPHD characterized by specific GH, PRL, and TSH deficiencies and circulating anti-PIT-1 antibodies. Although further analysis is required to elucidate the mechanisms, we propose that this is a novel APS-related syndrome and have named it "anti-PIT-1 antibody syndrome."
Methods
Patients. The patients provided written, informed consent for the genetic, functional, and immunological analysis. All human and animal experiments were approved by the ethics committee of the Kobe University Graduate School of Medicine.
Hormonal assays. An immunofluorometric assay was used to measure GH, PRL, TSH, ACTH, cortisol, fT3, and fT4
DNA sequencing and analysis. Genomic DNA was prepared from blood leukocytes with a commercially available kit (Amersham). PCR was used to generate the products spanning exons and flanking intronic sequences of the PIT-1, PROP1, and HesX1 genes. DNA sequences were analyzed by direct sequencing.
Cell culture and cell proliferation assay. Cos7 cells and 293T cells were obtained from Riken. AtT20 cells and GH3 cells were obtained from ATCC and maintained as previously described (1). MtT/s cells were a gift from K. Inoue (Saitama University, Saitama, Japan). These cells were cultured in DMEM containing 10% fetal calf serum. The sera of the patients In contrast to the control, no parietal cells were detected in patients 1 and 2. gpt, gastric pit; ggd, gastric glands; fnd, fundic glands; pc, parietal cells; cc, chief cells. Histological analysis of tissue of the pancreas (E), adrenal gland (F), liver (G), and thyroid (H) from patient 2 revealed inflammatory infiltration and disrupted tissue structure. Original magnification, ×100 (A, C); ×400 (B); ×200 (D); ×100 (E-H).
